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ELECTRONICALLY ENHANCED ACCESS
PORT FOR A FLUID FILLED IMPLANT

RELATED APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/873,096, filed Aug. 31, 2010, which claims
priority to and the benefit of U.S. Provisional Patent Appli-
cation No. 61/330,266, filed on Apr. 30, 2010, the entire
disclosures of which are incorporated herein by reference.

FIELD

The present invention broadly relates to gastric bands and
more specifically, to an electronically enhanced access port
for a gastric band.

BACKGROUND

There are numerous varieties of fluid filled surgical
implants presently comprising, or which may in the future
comprise, access ports, for hydraulically adjustable gastric
bands.

An exemplary hydraulic adjustable gastric band comprises
a saline solution inside of one or more inflatable portions
(e.g., silicone shells) positioned on the stomach surface of the
ring of the gastric band to adjust the gastric band through a
variety of diameters. As the inflatable portion is inflated it
reduces the stoma of the gastric band and when the inflatable
portion is deflated it increases the stoma of the gastric band.
The saline solution is added to or removed from the inflatable
portion via an access port fixed beneath the skin of the patient
in the abdomen on the rectus muscle sheath using a fine
needle to find the right level of restriction.

An exemplary gastric band (hydraulic, hydraulic-mechani-
cal hybrid, or otherwise) may additionally, or alternatively,
comprise an access port coupled with an override mechanism
to rapidly remove fluid or gel from the implant in the event of
an emergency.

Each of the foregoing implants, as well as others, comprise
access ports that may be candidates for various electronics
based enhancements, e.g., an access port fitted with a pressure
sensor and/or an access port that transmits a signal for easier
detection of its location within the body of the patient.

By way of example of the latter, it is essential with a
hydraulic adjustable gastric band that the orientation of the
implanted access port allows fluidic contact with the Huber
needle of the syringe. In other words, the septum of the
implanted access port should ideally be parallel to the plane
defined by the surface of the patient’s skin above the septum
of the implanted access port. However, it is possible for the
implanted access port to tilt from the ideal orientation result-
ing in less surface area for fluidic contact with the Huber
needle. Thus, there is a need for tilt detection, communica-
tion, and compensation for fluid filled surgical implants.

Ferreri et al. (U.S. Pat. No. 7,658,196) discloses a system
operable to detect the orientation of an implant component.
Ferreri discloses that a sense head can be moved around a
patient’s body to determine a location of the implanted access
port using, for example, triangulation. However, Ferreri does
not disclose that the tilt detection occurs at the sense head by
moving a sense head to a location of the center of the port.
Thus, a user must scan a large area of the patient’s body in
order to determine the tilt of the implanted access port. This
can be embarrassing to the patient, and inconvenient to the
patient, and/or time consuming.

10

15

20

25

30

35

40

45

50

55

60

65

2
SUMMARY

In accordance with exemplary embodiments, the present
invention provides for an electronically enhanced access port
for a fluid filled implant. The access port may be used to
connect to an implanted medical device, such as, a gastric
band for the treatment of obesity, the gastric band may be
suitable for laparoscopic placement around the stomach of a
patient to create a stoma.

In accordance with exemplary embodiments, the present
invention provides for an access port configured to detect the
pressure of a fluid within the implant. In accordance with
other exemplary embodiments, the present invention pro-
vides for an access port configured to detect its location
within the body to facilitate a physician’s access thereto.

In one embodiment, the present invention is an access port
for a gastric band including a penetrable septum, a conduit
configured to provide fluid communication between the pen-
etrable septum and the gastric band, and an electronics based
enhancement. The electronics based enhancement may be a
pressure sensor or a tilt detector.

In another embodiment, the present invention is an access
port for a gastric band including a penetrable septum, a con-
duit configured to provide fluid communication between the
penetrable septum and the gastric band, and a pressure sensor
in fluid communication with a fluid within the gastric band
and configured to monitor a pressure of the fluid, generate a
pressure value signal, and communicate the pressure value
signal to an external control unit via RF telemetry.

In still another embodiment, the present invention is an
access port for a gastric band including a penetrable septum,
a conduit configured to provide fluid communication between
the penetrable septum and the gastric band, and a tilt detector
configured to detect a tilt datum indicating a tilt direction of
the access port relative to body portions of the patient and a
degree tilt of the access port relative to a surface of a skin of
the patient.

BRIEF DESCRIPTION OF THE DRAWINGS

The exemplary embodiments of the present invention will
be described in conjunction with the accompanying drawing
FIGS. in which like numerals denote like elements and:

FIG. 1A illustrates an access port comprising a pressure
sensor in accordance with an exemplary embodiment;

FIG. 1B illustrates a cross sectional view of an access port
comprising a pressure sensor in accordance with an exem-
plary embodiment;

FIGS. 2A-2D illustrate tilt detection, communication, and
compensation for exemplary implanted access port orienta-
tions in accordance with an exemplary embodiment;

FIG. 3A illustrates the components of an external control
unit in accordance with an exemplary embodiment;

FIG. 3B illustrates the components of an implanted access
port in accordance with an exemplary embodiment;

FIGS. 4A and 4B illustrate an exemplary method of tilt
detection and communication in accordance with an exem-
plary embodiment;

FIG. 5 illustrates a process in accordance with an exem-
plary embodiment; and

FIG. 6 illustrates a process in accordance with an exem-
plary embodiment.

DETAILED DESCRIPTION

In accordance with exemplary embodiments, the present
invention comprises an electronically enhanced access port
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for a gastric band. Persons skilled in the art will readily
appreciate that various aspects of the present invention may
be realized by any number of methods and devices configured
to perform the intended functions. Stated differently, other
methods and devices may be incorporated herein to perform
the intended functions. It should also be noted that the draw-
ing FIGS. referred to herein are not all drawn to scale, but may
be exaggerated to illustrate various aspects of the invention,
and in that regard, the drawing FIGS. should not be construed
as limiting. Finally, although the present invention may be
described in connection with various medical principles and
beliefs, the present invention should not be bound by theory.

By way of example, the present invention will be described
primarily with reference to hydraulically adjustable gastric
bands. Nevertheless, persons skilled in the art will readily
appreciate that the present invention advantageously may be
applied to one of the numerous varieties of fluid filled surgical
implants presently comprising, or which may in the future
comprise, access ports. Similarly, while the present invention
will be described primarily with reference to fluid filled sur-
gical implants, persons skilled in the art will readily appreci-
ate that the present invention advantageously may be applied
to other devices, and whether fluid or gel filled.

In accordance with exemplary embodiments, the present
invention provides for an access port configured to detect the
pressure of a fluid within the implant.

At the outset, it should be noted that while the present
invention will be described primarily with reference to an
access port, persons skilled in the art will readily appreciate
that an access port is not necessary for detection of the pres-
sure of a fluid within an implant. Stated differently, the diag-
nostic and therapeutic advantages associated with knowing
the pressure of a fluid within an implant, as provided for by
the present invention, may be realized without fluid access to
the implant via an access port.

In exemplary embodiments, an access port comprises a
sensor. The sensor can be in communication with an implant
and configured to monitor a parameter of the access port. For
example, the access port can be in communication with the
fluid in the implant and can generate a pressure value signal
based on the parameter and one or more parameter control
limits. The parameter can be, for example, a pressure, a fill
volume, a stress, a strain, a linear measurement of the implant,
a force of the implant on the patient, and combinations
thereof. The implant can be, for example, a gastric band.

In exemplary embodiments, the pressure sensor is coupled
with a printed circuit board assembly (PCBA), which is in
turn configured to telemetrically relay (e.g., via RF) a pres-
sure value signal generated by the pressure sensor to an exter-
nal control unit.

In exemplary embodiments, the pressure sensor and the
PCBA are inductively powered, e.g., using an external mag-
netic field. In other embodiments, the pressure sensor and the
PCBA are powered by one or more of a battery, rechargeable
or otherwise, a capacitor, or a fuel cell. In accordance with
various aspects of an exemplary embodiment, the power
source is recharged by one or more of motion, a chemical
change, or a temperature change. For example, in exemplary
embodiments, the pressure sensor and the PCBA are powered
by one or more of the following: (i) kinetic energy created by
body motion stored onto a capacitor, (ii) an implanted fuel
cell, (iil) an implanted power source powered by chemistry of
the body, (iv) an implanted power source powered by tem-
perature change, and (v) implanted batteries that can be
recharged by direct contact or inductive coupling.

In exemplary embodiments, the pressure sensor, the PCBA
and the power source are co-housed, while in other embodi-
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ments, they are separately housed. By way of non-limiting
examples, a hermetically sealed, self contained package may
contain the PCBA and the power source, while a package
comprising the pressure sensor, and necessary electronics and
signal conditioning, can relay a pressure value signal to a
separate package comprising the PCBA for conversion to an
RF signal and telemetric relay to an external control unit. In
this manner, the PCBA may be in direct contact with the fluid
within the access port and the implant.

In accordance with one aspect of an exemplary embodi-
ment, an access port comprising a pressure sensor further
comprises an element structurally and/or spatially configured
to guard the pressure sensor against a needle damaging it. In
exemplary embodiments, the element is positioned between
the access port septum and the pressure sensor, but other
spatial configurations are contemplated. In exemplary
embodiments, the element is housed separately from the
PCBA so as to not interfere with telemetric relay of the RF
signal to an external control unit.

Exemplary materials comprise titanium, stainless steel,
ceramic and the like. That being said, persons skilled in the art
will readily appreciate that any material which, by virtue ofits
thickness and/or hardness, is capable of guarding the pressure
sensor against the needle damaging the pressure sensor, is
suitable for use herein.

Turning now to FIGS. 1A and 1B, an exemplary access port
10 comprising a pressure sensor 20 is depicted. The access
port 10 comprises a penetrable septum 30 through which fluid
or gel is added to or removed from the access port 10 using a
needle, and is thereby added to or removed from the fluid
filled implant via a conduit 40. The needle can be, for
example, a fine needle, a Huber needle, or any other type of
needle which can supply fluid or gel to the access port 10. In
addition, a tube, instead of a needle can be used. The access
port 10 can be connected, for example, to a gastric band (not
shown) and can be used to supply or remove fluid or gel from
the gastric band. The access port 10 can also be connected, for
example, to a breast implant (not shown) and can be used to
supply or remove fluid or gel from the breast implant. In this
embodiment, a plate element 50 is positioned between the
penetrable septum 30 and the pressure sensor 20. The posi-
tioning of the plate element 50 serves to prevent the needle
from damaging the pressure sensor 20. The plate element 50
can be formed, for example, from titanium, stainless steel, or
any other type of material that can protect the pressure sensor
20 from damage.

The PCBA 60 can be connected, for example, to the pres-
sure sensor 20. The PCBA 60 is configured to telemetrically
relay a pressure value obtained from the pressure sensor 20 to
an external control unit. The pressure value can indicate, for
example, a pressure of the access port 10 and/or the gastric
band. The pressure sensor 20 can also detect, for example, a
fill volume, a strain, and/or a linear measurement ofthe access
port 10. The access port 10 can also include, for example, a
housing 70 which can, for example, define a cavity containing
the pressure sensor 20, a portion of the conduit 40, the plate
element 50, and/or the PCBA 60. The penetrable septum 30
can define, for example, an outer wall of the housing 70.

In accordance with exemplary embodiments, the present
invention provides for an access port configured to detect its
location within the body to facilitate a physician’s access
thereto. The location can be, for example, a relative location,
or an exact location. In one embodiment, the access port 10
can be configured to determine the orientation of the
implanted access port relative to the surface of the skin when
a patient is in a known position, such as laying supine or
standing vertically.



US 9,125,718 B2

5

In exemplary embodiments, the access port 10 is config-
ured to detect a tilt orientation of less than about 15 degrees,
more preferably less than about 5 degrees, and most prefer-
ably less than about 1 degree.

In accordance with exemplary embodiments, the present
invention utilizes electronics in the implanted access port and
an external control unit to inductively power and control the
implanted access port. In other embodiments, the implanted
access port is powered by one or more of a battery, recharge-
able or otherwise, a capacitor, and/or a fuel cell. In accor-
dance with various aspects of an exemplary embodiment, the
power source is recharged by one or more of motion, a chemi-
cal change, or a temperature change. For example, in exem-
plary embodiments, the implanted access port is powered by
one or more of the following: (i) kinetic energy created by
body motion stored onto a capacitor, (ii) an implanted fuel
cell, (iil) an implanted power source powered by chemistry of
the body, (iv) an implanted power source powered by tem-
perature change, and/or (v) implanted batteries that can be
recharged by direct contact or inductive coupling.

In accordance with exemplary embodiments, the external
control unit uses RF telemetry to query the implanted access
port for tilt information and then displays this information.
Examples of display information are graphical, alpha-nu-
meric such as a measure of tilt orientation in degrees, textual
such as “flipped” versus “OK,” or a combination of these
forms.

Once the tilt of the implanted access port relative to the
surface of the skin above the implanted access port is known,
then contacting the implanted access port with the Huber
needle at a similarly matching tilt may, in some embodiments,
help to compensate for the reduced surface area of the septum
as compared to the ideal implanted access port orientation.
Another embodiment of tilt compensation may be to manipu-
late the port by hand to reposition it closer to the ideal orien-
tation. The following FIGS. illustrate tilt detection, commu-
nication, and compensation for exemplary implanted access
port orientations.

FIG. 2A illustrates an implanted access port 110 oriented
substantially parallel to a plane defined by the surface of the
patient’s skin 120 above the implanted access port 110. FIG.
2A also depicts a syringe 150 and a needle 152 of the syringe
150. The needle 152 can be, for example, a Huber needle.
Also shown are exemplary graphical and alpha-numeric dis-
plays 130 and 140, respectively, for an external control unit
(not shown) in accordance with exemplary embodiments. In
one embodiment, a tilt detector may be located within the
implanted access port 110 and/or the external control unit to
determine tilt datum indicating the tilt of the implanted access
port 110. The tilt detector and/or the tilt datum can aid, for
example, in generating the alpha-numeric displays 130 and
140. The alpha-numeric display 130 can indicate, for
example, a relative location of the implanted access port 110.

The alpha-numeric display 130 can include, for example,
an icon 132. The icon 132 can indicate, for example, a tilt
direction of the implanted access port 110 relative to body
portions of the patient and a degree tilt of the implanted access
port 110 relative to a surface of a skin of the patient. The
degree tilt can be, for example, an amount of tilt of the
implanted access port 110. The tilt direction can be indicated
by the location of the icon 132 relative to an intersection of the
lines in the alpha-numeric display 130. For example, angular
measurements of the location of the tilt direction relative to
the intersection of the lines in the alpha-numeric display 130
can indicate that the implanted access port 110 is tilted in a
direction of the head of the patient, the left side of the patient,
the right side of the patient, or the foot. The icon 132 can also

20

25

40

45

6

indicate the degree tilt of the implanted access port 110
through the location ofthe icon 132 relative to the intersection
of the lines in the alpha-numeric display 130. For example,
the magnitude of the distance between the icon 132 and the
intersection of the lines in the alpha-numeric display can
indicate a degree tilt of the implant access port 110. The icon
132 can also indicate whether the implanted access port 110
is non-flipped, or whether it has flipped.

In the non-flipped (or correct) position, a penetrable sep-
tum of the implanted access port 110 is facing or partially
facing the skin 120. In the flipped position, the penetrable
septum is not facing the skin 120 such that it is not possible to
contact the penetrable septum with the needle. While the
orientation of the access port can sometimes be ascertained
simply by sense of touch or the more involved use of fluoros-
copy, there have been cases where a flipped port cannot be
positively identified even with fluoroscopy. In FIG. 2A, the
icon 132 indicates that the implanted access port 110 is not
tilted. The white center in the icon 132 also indicates that the
implanted access port 110 is in a non-flipped position.

Furthermore, the alpha-numeric display 140 can also
include a degree indication 142 and a flipped indication 144.
The degree indication 142 can digitally numerically indicate,
for example, a degree tilt of the implanted access port 110.
The flipped indication 144 can give, for example, an indica-
tion as to whether the implanted access port 110 has flipped or
not. InFIG. 2A, the degree indication 142 indicates a O degree
tilt while the flipped indication 144 indicates that the
implanted access port 110 has not flipped. Thus, in FIG. 2A,
no compensation with the syringe 150 and/or the needle 152
is required.

FIG. 2B therefore illustrates an implanted access port 110
flipped relative to the plane defined by the surface of the
patient’s skin 120 above the implanted access port 110. Again
shown are exemplary graphical and alpha-numeric displays
130 and 140, respectively, for an external control unit in
accordance with exemplary embodiments. The degree indi-
cation 142 indicates that the implanted access port 110 has no
tilt relative to the surface of the skin. The icon 132 in FIG. 2B
is located at the intersection indicating no magnitude for the
degree tilt, and thus indicates that the implanted access port
110 is not tilted. However, the lack of the white center in the
icon 132 indicates that the implanted access port 110 has
flipped. This is also confirmed by the flipped indication 144
indicating that the implanted access port 110 has flipped. In
FIG. 2B, no compensation with the syringe 150 and/or the
needle 152 is sufficient since the access port must be flipped
back to its non-flip state before the syringe 150 and/or the
needle 152 can be used to access the implanted access port
110.

FIG. 2C illustrates an implanted access port 110 tiled to the
patient’s left relative to the plane defined by the surface of the
patient’s skin 120 above the implanted access port 110. Again
shown are exemplary graphical and alpha-numeric displays
130 and 140, respectively, for an external control unit in
accordance with exemplary embodiments. In FIG. 2C, the
icon 132 indicates that the implanted access port 110 is tilted
in a direction to the left side of the patient’s body at an
approximately 20 degree angle. The 20 degree angle can be
estimated based on the distance between the icon 132 and the
intersection of the lines in the alpha-numeric display 130. The
icon 132 also indicates that the implanted access port 110 has
not flipped. This is confirmed, for example, by the flipped
indication 144, which states that the implanted access port
110 has not flipped. Furthermore, in FIG. 2C, an arrow 146 in
the alpha-numeric display 140 further indicates the tilt direc-
tion of the implanted access port 110. Here, the arrow 146 is
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pointed directly to the left indicating that the implanted
access port is tilted towards a left side of the patient. The
degree indication 142 also indicates that the implanted access
port 110 is tilted at a 20 degree angle. Thus, compensation of
approximately 20 degrees to the left side of the patient with
the syringe 150 and/or the needle 152 is needed.

FIG. 2D illustrates an implanted access port 110 tiled to the
patient’s feet and right relative to the plane defined by the
surface of the patient’s skin 120 above the implanted access
port 110. Also shown are exemplary graphical and alpha-
numeric displays, 130 and 140, respectively, for an external
control unit in accordance with exemplary embodiments. In
FIG. 2D, the icon 132 indicates that the implanted access port
110 is tilted towards the right side of the patient’s body and
the patient’s foot. Based on the distance between the icon 132
and the intersection of the lines in the alpha-numeric display
130, a degree tilt of 30 degrees relative to the surface of the
skin of the patient can be estimated. The icon 132 indicates
that the implanted access port 110 is not flipped. This is
confirmed, for example, by the arrow 146 and the flipped
indication 144. Furthermore, the degree indication 142 digi-
tally numerically indicates that the implanted access port 110
is tilted at a 30 degree angle. Thus, compensation of approxi-
mately 30 degrees generally to the right side of the patient’s
body and the patient’s foot with the syringe 150 and/or the
needle 152 is needed.

With reference now to FIGS. 3A and 3B, an exemplary
external control unit 301 comprises a micro-controller 310
that manages the various functions of the external control unit
301. The micro-controller 310 interfaces to an inductive coil
driver 320 that sends RF energy to an exemplary implanted
access port 302 via a loop antenna 325. The inductive coil
driver 320 in exemplary embodiments comprises semicon-
ductor switches such as transistors or field effect transistors,
and it drives a coil that is tuned to the proper frequency using
RF tuning capacitors. A frequency generator 330 creates the
proper frequency for the inductive coil driver 320. An RF
radio 340 passes data to and from the micro-controller 310
and communicates with a matching implanted access port RF
radio 380.

A graphic display and user interface 350 are connected to
the micro-controller 310 and provide information to and from
the operator of the external control unit 301. The graphic
display is, in an exemplary embodiment, a color touch screen
liquid crystal display (LCD). The user interface is, in an
exemplary embodiment, also a color touch screen LCD, and
may further comprise buttons, voice recognition, buzzer,
speaker, switches, keyboard, trackball, touch tablet, and other
similar human interface devices.

Turning now to FIG. 3B, the implanted access port 302
comprises an inductive coil tuned circuit, further comprising
a loop antenna 360 and low loss RF tuning capacitors that
supply power to an inductive power conversion circuit 365.
The inductive power conversion circuit 365 transforms the
input RF energy to DC energy for use by the implanted access
port 302 electronics utilizing a bridge rectifier, filtering
capacitors, and a voltage regulator. It is also possible to use an
implanted battery or other external or internal energy source.
Typical inductive powering RF frequencies can be approxi-
mately 125 kHz, 6.75 MHz, or 27 MHz. The voltage regulator
can be a switch mode power supply or linear regulator
depending on voltage levels and efficiency requirements.
Typical voltage levels can range from 1 volt to 20 volts. The
inductive power conversion circuit 365 in exemplary embodi-
ments has one or more protection mechanisms such as over
temperature and over voltage shut down.
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A micro-controller 370 is used to execute software that
performs the various functions of the implanted access port
302. Examples of suitable micro-controllers 370 are the
Texas Instrument® MSP430 or CC430 series, Atmel AT32 L.
series, Freescale Coldfire series, and similar commercially
available devices.

The RF radio 380 interfaces with the micro-controller 370
to transmit and receive data to and from the external control
unit 301. A preferred frequency range for RF radio 380 is in
the Medical Implant Communications Service (MICS) fre-
quency band of approximately 402 MHz to 405 MHz.
Examples of applicable radio devices are the Texas Instru-
ments® CC1101, Atmer ATAS542X series, Microchip
MRF49X A, and similar commercially available devices. The
micro-controller 370 monitors the input voltage to ensure that
it is within a predetermined range and communicates with
external control unit 301 if changes to the input voltage of the
implanted access port 302 are necessary. Furthermore, the
micro-controller 370 in the implanted access port 302 can
communicate with the micro-controller 310 in the control
unit 301 to increase or decrease an amount of energy supplied
to the implanted access port 302 in order to maintain optimal
operating conditions. Such monitoring can occur at regular
intervals.

A 3-axis accelerometer 390 can be used to sense a tilt of the
implanted access port 302 based on its orientation relative to
gravity and interfaces to the micro-controller 370 to provide
tilt information. Examples of the 3-axis accelerometer 390
are the Analog Devices ADX1.335, Freescale MMA7660FC,
and similar commercially available devices.

In exemplary embodiments, the implanted access port 302
is contained within a housing. In one embodiment, the exter-
nal control unit 301 and/or the implanted access port 302 can
detect when a syringe and/or a needle of the syringe has
contacted the implanted access port 302. For example, the
implanted access port 302 can detect vibration data and trans-
mit such vibration data to the external control unit 301. The
external control unit 301 can analyze the vibration data to
determine whether the vibration data indicates that the
syringe and/or the needle of the syringe has contacted the
implanted access port 302.

In another embodiment, the external control unit 301 and/
or the implanted access port 302 can detect when the syringe
and/or the needle of the syringe has entered or been inserted
into the implanted access port 302. For example, a user can
move the syringe and/or the needle of the syringe when it is
believed to have entered the implanted access port 302. The
user can then see if a corresponding tilt of the implanted
access port 302 is displayed on the external control unit 301.
If tilting the syringe and/or the needle of the syringe causes
the implanted access port 110 to tilt, then it is likely that the
syringe and/or the needle of the syringe is inserted into the
implanted access port 110. However, if tilting the syringe
and/or the needle of the syringe does not cause the implanted
access port 110 to tilt, then it is likely that the syringe and/or
the needle of the syringe is not inserted into the implanted
access port 110.

In exemplary embodiments, in order to accurately and
precisely measure the tilt angle, the implanted access port 110
is implanted in the same orientation each time. Otherwise,
head-to-foot and right-to-left references may be incorrect. In
other exemplary embodiments, the patient may be asked to
roll to the right, then roll to the left, then sit up, all from a
supine position while “training” the external control unit to
learn the implanted access port tilt directions. In yet other
exemplary embodiments, only whether the implanted access
porthas flipped is measured by the implanted access port 110.
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FIGS. 4A and 4B depict an exemplary method of tilt detec-
tion and communication. First, the physician turns on the
external control unit (step 402). The external control unit in
turn initializes (step 404) and informs the physician to place
the external control unit inductive coil next to the patient’s
implanted access port (step 406). Once there is sufficient
inductive energy coupling between the external control unit
and the implanted access port (step 408), the implanted access
port signals the external control unit that it is powered up
along with any other identifying, diagnostic, initialization, or
other such information (step 410). It is possible that too much
or too little energy can be coupled so the implanted access
port monitors this condition (step 412) and if there is an
incorrect power (step 414), a radio link can be used to com-
municate with the external control unit to decrease or increase
the coil drive (step 416). In exemplary embodiments, the
voltage monitoring function occurs at regular intervals to
maintain optimal operating conditions (step 420).

After the optimal operating conditions have been estab-
lished, the tilt information from the implanted access port is
passed to and displayed on the external control unit (step
426). The communication protocol to pass tilt information
between the implanted access port and the external control
unit can be implemented in any practical form. For example,
one embodiment is to have the implanted access port stay in
a low power, or idle mode (step 418) and go to initialization,
diagnostics, tilt measurement, voltage measurement, tem-
perature measurement, radio communication or other higher
power modes (step 424) only when requested to do so by the
external control unit (step 422). This communication protocol
is advantageous because the implanted access port is prima-
rily in a low power, or idle mode thereby minimizing implant
heating. Another embodiment is to have the implanted access
port go to initialization, diagnostics, tilt measurement, volt-
age measurement, temperature measurement, radio commu-
nication or other higher power modes only at regular intervals
determined by the implanted access port.

At this point, the physician can act on implanted access
port tilt information that has been conveyed through the exter-
nal control unit (step 428). If the implanted access port is
within a reasonable tilt angle, access thereto can proceed
normally. However, if the implanted access port indicates that
it is in a flipped position, then the physician can act accord-
ingly such as further analysis by fluoroscopy. The external
control unit is finally powered down (step 430).

Advantageously the present invention allows a determina-
tion of whether the access port 110 has flipped without resort-
ing to the inherent risks of ionizing radiation, potentially error
prone interpretation, and time consuming process of fluoros-
copy. In addition, the reporting of the tilt angle allows for an
adjustment of the angle of the access port 110 and/or the
Huber needle in order to compensate for the associated reduc-
tion in exposed septum area.

In one embodiment, the present invention is a process
shown in F1G. 5. In Step S502, vibration data is detected using
the implanted access port. For example, the implanted access
port 302 can detect vibration data and transmit such vibration
data to the external control unit 301. In Step S504, the vibra-
tion data can be analyzed to determine whether the syringe
has contacted the implanted access port. For example, the
external control unit 301 can analyze the vibration data to
determine whether the vibration data indicates that the
syringe and/or the needle of the syringe has contacted the
implanted access port 302.

In another embodiment, the present invention is a process
shown in FIG. 6. In Step S602, a needle of the syringe is tilted.
For example, a user can move the syringe and/or the needle of
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the syringe when it is believed to have entered the implanted
access port 302. In Step S604, tilt datum of the implanted
access port is determined. For example, the tilt datum of the
implanted access port 302 can be analyzed.

In Step S606, the tilt datum is analyzed to determine
whether the implanted access port is tilted when the needle of
the syringe is tilted. For example, the user can then see if a
corresponding tilt of the implanted access port 302 is dis-
played on the external control unit 301. If tilting the syringe
and/or the needle of the syringe causes the implanted access
port 110 to tilt, then it is likely that the syringe and/or the
needle of the syringe is inserted into the implanted access port
110. However, if tilting the syringe and/or the needle of the
syringe does not cause the implanted access port 110 to tilt,
then it is likely that the syringe and/or the needle of the
syringe is not inserted into the implanted access port 110.

The foregoing disclosure is illustrative of the present

invention and is not to be construed as limiting the invention.
Although one or more embodiments of the invention have
been described, persons skilled in the art will readily appre-
ciate that numerous modifications could be made without
departing from the spirit and scope of the present invention. It
should be understood that all such modifications are intended
to be included within the scope of the invention.
The terms “a,” “an,” “the,” and similar referents used in the
context of describing the present invention (especially in the
context of the following claims) are to be construed to cover
both the singular and the plural, unless otherwise indicated
herein or clearly contradicted by context. Recitation of ranges
of values herein is merely intended to serve as a shorthand
method of referring individually to each separate value falling
within the range. Unless otherwise indicated herein, each
individual value is incorporated into the specification as if it
were individually recited herein. All methods described
herein can be performed in any suitable order unless other-
wise indicated herein or otherwise clearly contradicted by
context. The use of any and all examples, or exemplary lan-
guage (e.g., “such as”) provided herein is intended merely to
better illuminate the present invention and does not pose a
limitation on the scope of the present invention otherwise
claimed. No language in the specification should be construed
as indicating any non-claimed element essential to the prac-
tice of the present invention.

Groupings of alternative elements or embodiments of the
invention disclosed herein are not to be construed as limita-
tions. Each group member may be referred to and claimed
individually or in any combination with other members of the
group or other elements found herein. It is anticipated that one
or more members of a group may be included in, or deleted
from, a group for reasons of convenience and/or patentability.
When any such inclusion or deletion occurs, the specification
is deemed to contain the group as modified thus fulfilling the
written description of all Markush groups used in the
appended claims.

Certain embodiments of this invention are described
herein, including the best mode known to the inventors for
carrying out the invention. Of course, variations on these
described embodiments will become apparent to those of
ordinary skill in the art upon reading the foregoing descrip-
tion. The inventor expects skilled artisans to employ such
variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than specifically
described herein. Accordingly, this invention includes all
modifications and equivalents of the subject matter recited in
the claims appended hereto as permitted by applicable law.
Moreover, any combination of the above-described elements
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in all possible variations thereof is encompassed by the inven-
tion unless otherwise indicated herein or otherwise clearly
contradicted by context.

Furthermore, certain references have been made to patents
and printed publications throughout this specification. Each
of the above-cited references and printed publications are
individually incorporated herein by reference in their entirety.

Specific embodiments disclosed herein may be further lim-
ited in the claims using consisting of or consisting essentially
of language. When used in the claims, whether as filed or
added per amendment, the transition term “consisting of”
excludes any element, step, or ingredient not specified in the
claims. The transition term “consisting essentially of” limits
the scope of a claim to the specified materials or steps and
those that do not materially affect the basic and novel char-
acteristic(s). Embodiments of the invention so claimed are
inherently or expressly described and enabled herein.

In closing, it is to be understood that the embodiments of
the present invention disclosed herein are illustrative of the
principles of the present invention. Other modifications that
may be employed are within the scope of the present inven-
tion. Thus, by way of example, but not of limitation, alterna-
tive configurations of the present invention may be utilized in
accordance with the teachings herein. Accordingly, the
present invention is not limited to that precisely as shown and
described.

What is claimed is:

1. An access port for connecting to a gastric band for the
treatment of obesity, the gastric band suitable for laparo-
scopic placement around the stomach of a patient to create a
stoma, the access port comprising:

a housing defining a cavity and comprising a penetrable

septum defining an outer wall of the housing;

a conduit configured to carry fluid between the penetrable

septum and an inflatable portion of the gastric band; and

a tilt detector coupled to the housing and configured to

determine a tilt direction of the housing relative to at
least one body portion of the patient including head, left
side, right side, and foot, and to detect whether or not the
housing is flipped away from the surface of the skin of
the patient, wherein an external control unit is config-
ured to communicate with the tilt detector and, based on
the communication, the external control unit is config-
ured to display atilt datum and an indicator of whether or
not the housing is tilted in a direction of at least one of the
patient’s head, left side, right side, and foot.

2. The access port of claim 1, wherein the tilt detector is a
3-axis accelerometer.

3. The access port of claim 1, wherein the gastric band is a
hydraulically adjustable gastric band.

4. The access port of claim 1, wherein the tilt detector is
further configured to communicate the tilt datum to the exter-
nal control unit via RF telemetry.

5. The access port of claim 1, wherein the tilt detector is
powered by kinetic energy created by body motion stored
onto a capacitor.

6. The access port of claim 1, wherein the tilt detector is
powered by an implanted fuel cell.

7. The access port of claim 1, wherein the tilt detector is
powered by an implanted power source powered by chemis-
try of the body.

8. The access port of claim 1, wherein the tilt detector is
powered by an implanted power source powered by tempera-
ture change.

9. The access port of claim 1, wherein the tilt detector is
powered by implanted batteries that can be recharged by
direct contact.
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10. The access port of claim 1, wherein the tilt detector is
inductively powered.

11. The access port of claim 1, further comprising a sensor
located in the housing, the sensor detecting a parameter.

12. The access port of claim 11, wherein the parameter is
selected from a group consisting of a pressure, a fill volume,
a stress, a strain, a linear measurement, and combinations
thereof.

13. The access port of claim 11, wherein the sensor is a
pressure sensor.

14. The access port of claim 13, further comprising a plate
element positioned between the penetrable septum and the
pressure sensor to guard the pressure sensor against a needle
damaging it.

15. An access port for connecting to a gastric band for the
treatment of obesity, the gastric band suitable for laparo-
scopic placement around the stomach of a patient to create a
stoma, the access port comprising:

a penetrable septum defining an outer wall of a housing;

a conduit configured to carry fluid between the penetrable

septum and an inflatable portion of the gastric band; and

a tilt detector coupled to the housing and configured to

detect a tilt direction of the housing relative to at least
one body portion of the patient including head, left side,
right side, and foot, and to detect a degree tilt of the
housing relative to a surface of a skin of the patient, and
to detect whether or not the housing is flipped away from
the surface of the skin of the patient, wherein an external
control unit is configured to communicate with the tilt
detector and, based on the communication, the external
control unit is configured to display a tilt datum and an
indicator of whether or not the housing is tilted in a
direction of at least one of the patient’s head, left side,
right side, and foot.

16. The access port of claim 15, further comprising a pres-
sure sensor in fluid communication with a fluid within the
gastric band and configured to monitor a pressure of the fluid
and generate a pressure value signal.

17. An access port for connecting to a gastric band for the
treatment of obesity, the gastric band suitable for laparo-
scopic placement around the stomach of a patient to create a
stoma, the access port comprising:

a penetrable septum defining an outer wall of a housing;

a conduit configured to provide fluid communication

between the penetrable septum and the gastric band; and

a tilt detector coupled to the housing and configured to

detect a tilt datum indicating a tilt direction of the access
port relative to at least one body portion of the patient
including head, left side, right side, and foot, and a
degree tilt of the access port relative to a surface of a skin
of the patient, and to detect whether or not the housing is
flipped away from the surface of the skin of the patient,
wherein an external control unit is configured to com-
municate with the tilt detector and, based on the com-
munication, the external control unit is configured to
display atilt datum and an indicator of whether or not the
housing is tilted in a direction of at least one of the
patient’s head, left side, right side and foot.

18. The access port of claim 17, wherein the external con-
trol unit is configured to receive via RF telemetry the tilt
datum and a location of the access port and to display the tilt
datum and a location of the access port.

19. The access port of claim 17, wherein the tilt detector is
a 3-axis accelerometer.

20. A method of determining an insertion of a needle of a
syringe into an implanted access port comprising:
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providing an external control unit to wirelessly communi-
cate with the implanted access port through tissue of a
patient in which the access port is implanted;

inserting the needle of the syringe into a patient;

tilting the inserted needle of the syringe;

determining, with the external control unit, a tilt datum of
the implanted access port;

analyzing, with the external control unit, the tilt datum to
determine whether the implanted access port is tilted in
response to tilting the needle of the syringe;

determining, with the external control unit, that the needle
of the syringe is inserted into the access port if it is
determined that the access port is tilted in response to
tilting the needle of the syringe; and

determining, with the external control unit, that the needle
of the syringe is not inserted into the access port if it is
determined that the access port is not tilted in response to
tilting the needle of the syringe.

21. A system for determining an insertion of a needle of a

syringe into an implanted access port comprising:

an implanted access port having a housing defining a cav-
ity, the housing comprising a penetrable septum defining
an outer wall of the housing and a tilt detector coupled to
the housing and configured to determine a tilt direction
of'the housing relative to at least one body portion of the
patient; and
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an external control unit in wireless communication with

the implanted access port, the external control unit com-

prising a processor and a non-transitory processor-read-

able storage medium storing a program for causing the

processor to execute a method for determining an inser-

tion of a needle of a syringe into the implanted access

port, the method comprising:

wirelessly communicating with the implanted access
port through tissue of a patient in which the access
port is implanted and in which the needle of the
syringe is inserted into a patient;

determining a tilt datum of the implanted access port
based on data received from the implanted access
port;

analyzing the tilt datum to determine whether the
implanted access port is tilted in response to tilting the
needle of the syringe;

determining that the needle of the syringe is inserted into
the access port if it is determined that the access port
is tilted in response to tilting the needle of the syringe;
and

determining that the needle of the syringe is not inserted
into the access port if it is determined that the access
port is not tilted in response to tilting the needle of the
syringe.



